The intravenous administration of Hartmann's solution at a rate sufficient to maintain the hourly ~trine volume between 0·5 and 1· OmljkgJhris recommended during major operations. Intra-operative extracellular volume expansion followed by the administration of sodium containing fluids for 48 hours postoperatively decreases the incidence of haemodynamic instability and acute renal failure and results in normal water and sodium excretion by the kidney throughout the peri-operative period. Abnormal extracellular volume may exist prior to induction of anaesthesia particularly in patients with pre-existing cardiovascular, renal and hepatic disease. In these patients the suggested fluid regime should be administered with care and may require diuretic therapy.
INTRODUCTION
During many surgical operations intravenous infusions are not required and the decision to administer them will depend on many factors. The volume and composition infused are based on that required for the correction of pre-existing abnormalities, maintenance requirements, sequestration of interstitial fluid as oedema surrounding the operation site, interchange between the intracellular and extracellular compartments, serosal exudate, accumulation of intestinal secretions, blood loss, surgical fluid losses and the extent and length of the operation.
Postoperative renal failure is a serious complication with a high mortality and can often be prevented in the susceptible patient if appropriate intra-operative fluid and electrolyte therapy is administered. The risk of renal failure increases in situations which include cardio-pulmonary bypass, surgery on the aorta and renal vessels, pre-existing hepatic and renal disease, hypotension, massive trauma, crush injuries, long operations and multiple blood transfusions. General anaesthetics also impair renal function (Cousins and Mazze 1973) , however, provided with adequate hydration, a moderate depth of anaesthesia and a mean blood pressure above 60 mmHg during surgery, the kidneys have the capacity to produce urine in adequate volume and composition to maintain extracellular fluid homeostasis (Barry, Mazze and Schwartz 1964) .
METABOLIC RESPONSE TO TRAUMA
After a major surgical operation during which the blood loss was replaced by blood and minimal other fluids were administered, the urine volume and sodium content decrease, and urinary potassium and nitrogen content increase (Table I, Johnstone 1964) . Also following major trauma or surgical operations, plasma sodium, calcium, bicarbonate and albumin concentration tend to fall; whereas the plasma concentration of potassium, magnesium phosphate, antidiuretic hormone, aldosterone, cortisol, catecholomines, insulin, glucose, fatty acids and amino acids tend to rise (Shumer and Kukral 1968) . Under the influence of cortisol, intracellular protein breakdown results in transfer of nitrogen, potassium, magnesium, phosphate, and water to the extracellular compartment and sodium ions tend to move into cells (:\loore 1959) . The responses of any tissue to a physical injury include an increase in permeability of vascular endothelium and an increase of interstitial fluid in the damaged area. This obligatory fluid shift described as "the third space" (Shires and Canizaro 1973) reduces the plasma volume and interstitial '00 ml I-:! days 5-:!0 mmol :!-;, days lOO mmol 1-3 days 10-20 g 4-10 days
volume oi non traumatised tissues. I f gross hypotension, vasoconstriction and high catecholamine levels result from the traumatic episode, then similar changes occur in areas of poor tissue perfusion as well as in the traumatised areas.
EFFECTS OF AD)UNISTERIXG IKTRA-OPERATIYE FLUID AND ELECTROLYTES
During a major operation extracellular volume expansion by the administration of a solution with a similar electrolyte composition to that of the extracellular fluid (balanced electrolyte solution) will maintain urine volume and sodium excretion at normal or above normal rates (Hayes and Goldenberg 1963, Breivik l!l6H, Irvin et al. 1972 ). lJsing these " balanced" solutions the plasma concentration of sodium, potassium, bicarbonate and calcium also remain within the normal range. In a group of patients with fractured neck of femur Davidson and Harvey (Hl66) showed that when extracellular expansion was limited to the operative phase, a period of low urinary sodium output occurred postoperatively about 36 hours later than in a control group where no extracellular volume expansion occurred. If the intra-operative extracellular expansion was followed by 48 hours administration of sodium containing fluids, then there was no reduction in urinary sodium at any period ( Figure 1 ). Sinnctamby et al. (1974) found that extracellular "olume expansion during and after operation made no difference to anti-diuretic hormone production (measured by urine immuno-reactive vasopressin content) although significantly higher postoperative un ne flows were produced.
The introduction of saline infusions during surgery has resulted in a reduction of the incidence of postoperative renal failure (Thompson et al. 1968 ). The prevention of acute renal failure requires early detection of a decreased urine output by hourly urine volume measurement throughout the operation. Treatment B-l4 patients rcceivcd the same as ..\ during operation plus altcrnate flasks of Hartmann's solution and 4· 3°'0 dextrose in fifth normal saline at thc rate of :!-3 litre/day for 48 hours postoperatively.
All patients reccived adc'luatp whole hlood replaccment. diuretic re-establishes adequate renal function in most patients. Whether maintenance of a normal sodium output by the kidney reduces the incidence of acute renal failure is not clear. However postoperatively the urinary sodium output falls unless adequate sodium intake is maintained (Davidson and Harvey 1966 , Breivik 1969 , Bennett 1975 .
Extracellular volume expansion has also been shown to result in less hypotension during and after operation (Feiber and Jones 1966) and in less postoperative thirst (Breivik 1969) . It is the latter observation associated with the potential for significant blood loss, that extracellular volume expansion has been advised for tonsillectomy operations. Parenteral infusions may also result in less viscid bronchial secretions. Table 2 indicates the composition of solutions available. Hartmann's solution is very similar to but slightly hypotonic in relation to interstitial fluid. Thus in many cases it may satisfactorily balance the combined effect of fluid shift by sequestration, and water lost by sweating and respiration. Moore et al. (1966) infused two litres of Hartmann's solution after haemorrhage in normal man and found that approximately 600 ml remained in the intravascular volume and that the plasma sodium concentration remained within normal limits. Two solutions, Normosol R (Abbott Laboratories) and Plasmalyte (Travenol Laboratories) have a sodium concentration of 140 mmoljl. If these solutions are used it is then necessary to add extra water in the fluid regime to allow for the mandatory water losses. The extra anion base of Norrnosol Rand Plasmalyte (50 mmoljl as compared with 29 mmoljl of Hartmann's solution and interstitial fluid) has not been shown to be necessary. The calcium provided by Hartmann's solution is insufficient to reverse a serious plasma calcium fall or reverse citrate accumulation during a rapid blood transfusion. Solutions containing significantly less sodium, such as fifth normal saline if administered during operation in volumes of 2-3 litres often cause hypotonicity.
RATE OF ADMINISTRATION
Every effort should be made to correct pre-existing fluid and electrolyte abnormalities before operation. Assuming a patient is in fluid and electrolyte balance, then the ideal volume of fluid to administer during operation and postoperatively is equal to the volume of fluid sequestrated plus maintenance requirements. However, it is extremely difficult to measure the volume of sequestrated fluid. Therefore, an estimate of the rate of fluid administration must be made. One method is to administer enough Hartmann's solution to maintain the hourly urine volume between 0·5 and 1·0 mljkgjhr. There is no advantage in providing a higher urine output by increasing the infusion rate as the risk of producing circulatory overload increases significantly.
If the hourly urine output cannot be measured easily then a rule of thumb is required. Hartmann's solution should be administered at the rate of 10 mljkg for the first hour of operation and then at the rate of 5 ml/kg for each subsequent hour. Adjustments to these volumes are made according to the extent of the operative trauma, blood loss and other fluid losses. Except in cases of extreme trauma it is unlikely that the sequested fluid volume will exceed 3 litres (Moore and Shires 1967) and this figure should not be exceeded without great care. In many long operations a continuous rate of 5 mljkgjhr will be excessive so the importance of hourly measurement of urine volume in long operations, in the very young and the very sick is stressed. Measurements of plasma concentration of sodium, potassium, calcium and glucose, acid base status and haematocrit during operation, are also indicated in such cases.
The recommended routine at the Prince of Wales Hospital for otherwise uncomplicated patients after major surgery is as follows:
1. The remainder of operation day and first postoperative day: alternate Hartmann's solution with 4 '3% dextrose in Nj5 saline (DN5S)-1 litre every 8 hours. 2. Second postoperative day-1 litre of Hartmann's solution plus 2 litres of 4'3% dextrose in Nj5 saline with potassium chloride 27 mmoljl (DKS)-llitre 8 hourly. 3. Third postoperative day-DKS-1 litre 8 hOUrly. These recommendations apply to patients who weigh greater than 50 kg. Table 3 illustrates the volume of water and sodium and potassium ions administered to a 70 kg patient having a three hour operation with a blood loss of 100 ml and no other losses.
In the uncomplicated case by the second or third postoperative day, the fluid shifts begin to resolve. The water and electrolytes administered in excess of maintenance requirements and losses are gradually excreted by the kidney during the next several days. During this time the diuresis should not be matched by the input. Abbreviations as in Table 2 .
Solutions Operation

· .
Hartmann's Day 0 · . · .
Hartmann's+D~5S
Day I
· . · .
Hartmann's + D~5S Day 2 · .
· .
Hartmann's X I +DKS x2 Day 3 · .
DKSx3
The input should only be adjusted to keep the hourly urine volume between 0·5 and 1·0 mljkg/hr. The commonest error made by protagonists of extracellular volume expansion during surgery is the administration of too much fluid. Fluid loads are commonly used to stabilize blood pressure after both general anaesthetics and spinal and lumbar epidural blocks. However, it is not the only remedy for hypotension during anaesthesia which may have multiple causes. Indeed, it may be quite hazardous since excess administration can readily result in fluid overload, increase in interstitial pulmonary water and frank pulmonary oedema. Anaesthetic induced hypotension requires careful assessment before administering fluid and occasionally some other form of therapy is more appropriate.
DIURETICS
If urine output remains significantly below 0·5 mljkg(hr in spite of adequate fluid administration, for more than 2-3 hours during operation then a diuretic should be given intravenously. Frusemide (20-40 mg) is the most satisfactory agent to use. In cases where acute renal failure is a possibility frusemide up to 120 mg intravenously may be repeated during the second hour and in the absence of a response this dose may he douhled until a maximum dose of 1·0 g has been given (:\Iahony 1977) . ~Iannitol prophylactically has been advised when renal artery clamping is planned (Barry, Cohen and KnocheI1961) . However in other situations frusemide is so frequently effective that mannitol is rarely needed.
BLOOD REPLACEMENT
Extracellular volume expansion during surgery results in a reduction in the need for hlood transfusion. In adults with normal haemoglobin and blood loss up to 1,000 ml, stability of the cardiovascular systC'Il1 can he maintained with electrolyte solutions. A drop in haemoglobin concentration will result, but will not significantly reduce the oxygen carrying capacity of the blood or require blood transfusion. When the blood loss is between 1,000 and 2,000 m!, many patients can be managed with packed red cells equal to one quarter of the blood volume lost and Hartmann's solution three-quarters of the blood volume lost plus the estimated sequestrated shift. As the blood loss exceeds approximately 2,000 ml patients will require whole blood replacement. They may also require coagulation factors in the form of fresh frozen plasma and platelets. Furthermore it is preferable to infuse the blood through a micropore filter when transfused in these quantities.
COLLOID
Stabilized plasma protein solution (SPPS-5% human albumin in Hartmann's solution) is recommended as the best intravascular volume expander when whole blood is not available. In hypoalbuminaemia SPPS will result in a greater hourly urine volume than the same volume of Hartmann's solution and will also decrease the tendency to pulmonary oedema.
Haemaccel (3·5 % gelatin) and dextran 70 are useful intra-vascular volume expanders for the management of massive blood loss when whole blood is unavailable. No more than 1-0 litre of a plasma substitute should be used within 12 hours so that SPPS or whole blood is recommended after the initial resuscitation.
In the majority of major operations when blood is available to replace measured blood loss, the routine use of plasma substitutes has no advantages over balanced electrolyte solution infusion (Fukuda et al. 1969) . Inappropriate excess administration of colloid solution, results in acute circulatory overload due to plasma volume expansion (at the expense of the interstitial volume). To produce the same degree of acute circulatory overload with Hartmann's solution approximately 3-4 times more solution is required as less than 30% of this solution remains within the plasma volume (Moore et al. 1966) . Serial central venous pressure measurements promptly indicate circulatory. overload with colloid but indicate overload with electrolyte solutions at a late stage. The true assessment of left ventricular failure however requires the measurement of pulmonary wedge pressure.
SPECIAL CONSIDERATIONS
Cardiovascular Disease
Patients with congestive cardiac failure, hypertension or ischaemic heart disease are more prone to acute renal failure and electrolyte disturbances than healthy subjects having similar operations. Therefore, the regime of extracellular volume expansion needs to be managed with precision. In some cases a urinary catheter and central venous canula should be inserted preoperatively so that the appropriate fluid volume, inotropic drug, vasopressor or diuretic can be administered intraoperatively or postoperatively without hazard.
Renal Insufficiency
The commonest cause of acute on chronic renal failure is fluid depletion. The relative dehydration resulting from sequestration during operation and the dehydration produced by withholding oral feeding can be managed by an intravenous infusion controlled by hourly urine volume measurement and central venous pressure measurement (Tasker et al. 1974) . Intravenous maintenance fluid should be commenced as soon as oral intake is stopped, and the intraoperative and postoperative infusion regimen should be carefully monitored. If diuretics are used they are often needed in greater than usual quantities.
Anephric patients need special consideration. Preoperative dialysis should be arranged so that they have a normal fluid and electrolyte status prior to the operation. As prevention of surgical renal failure is the most important indication for extracellular volume expansion during surgery, it is clearly not.indicated in this group of patients. These patients are unable to excrete water and sodium administered so that they should receive only their maintenance requirements plus losses incurred during and after operation.
Hepatic Disease
Patients with serious liver disease who require major surgery are at grave risk from both renal failure and fluid overload. Intra-operatively fluid volume and albumin replacement should be sufficient to maintain adequate circulation and urine volume. Central venous pressure and hourly urine volume must be carefully monitored. Postoperatively hypovolaemia from rapid reaccumulation of ascites is common. The intra-operative use of frusemide to maintain urine output in all jaundiced patients may be an alternative to the frequently recommended prophylactic use of intravenous mannitol.
Glucose
During surgery blood sugar and plasma insulin levels are elevated and peripheral utilization of glucose is decreased (Ross et al. 1966) . The rate of glucose administration should not exceed 0·5 g/kgJhr (Randall 1967) . The administration of glucose in excess of this rate may lead to hyperglycaemia and glycosuria. Many patients, such as neonates, infants and those with hepatic disease, or in the rare case of an insulinoma are specifically prone to hypoglycaemia and often require glucose administration intra-operatively.
Intravenous Ali11lentation
The utilization of amino acids and fatty acids is significantly reduced during surgery so that intravenous alimentation is rarely commenced intra-operatively. For patients already receiving intravenous alimentation, the rate of infusion should be reduced during operation.
H ae11lodilution
Planned haemodilution is used in circumstances when blood is unavailable (Laks et al. 1976) or in the management of patients who refuse to have blood transfusions. In this technique balanced electrolyte solutions with or without colloid maintain adequate circulating blood volume during blood loss. A significant drop in the haemoglobin level and oxygen carrying capacity of the blood occurs. Therefore, this technique should only be undertaken when facilities are available for complete patient monitoring and cardiovascular and ventilatory support.
A utotransfusion
Planned operations requiring blood replacement of 1500-2000 ml can now be arranged by the preoperative collection of 2-3 units of blood from the patient at weekly intervals before operation (McKittrick 1974 , Akerblom et al. 1972 . Administration of these units intra-operatively together with extracellular volume expansion maintains the patient's Anaesthesia and Intensive Care, Vol. V, No. ·4, Novemlfer, J977 cardiovascular status and avoids immune responses resulting from homologous blood transfusion. Intra-operative autotransfusion of blood collected by suction from the operation site following its anticoagulation and filtration, has also been recommended in special situations (Mattox et al. 1975, Noon, Solis and Natelson 1976) . CONCLUSION Extracellular volume expansion during operation with the postoperative administration of sodium containing solutions monitored by hourly urine volume measurement can prevent acute renal failure in the susceptible patient. Excess administration of electrolyte solutions results in overhydration, increased interstitial pulmonary fluid volume and frank pulmonary oedema. In clinical practice excess administration of fluid during operation occurs more frequently than does acute renal failure. Fortunately overhydration can be corrected without serious sequelae, by the intravenous administration of diuretics. The administration of moderate volumes of balanced electrolyte solution during operation is recommended to prevent renal failure, maintain cardiovascular stability, make bronchial secretions less viscid and decrease the sensation of thirst.
